Abstract: For different importance of components in equipment system, a cold standby system with two different components is studied when important components enjoy the priority in use and maintenance. Considering the application of exponential distribution, Weibull distribution and other typical distributions in resolving the problems subject to complicated calculation and strict constraints in the past reliability modelling, the highly applicable phase-type (PH) distribution is utilized to describe the life and maintenance time of system components in a unified manner. A system reliability model is built for wider applicability. With the matrix analysis method, expressions are obtained for a number of reliability indicators such as system reliability function, steady-state availability, mean up time and mean down time of system. In the end, examples are presented to verify the correctness and applicability of the model.
Introduction
In the research and development of equipment system, the "one service one standby" cold standby structure is often utilized to improve system reliability, enhance equipment availability, and lower system cost. Considering different system structures, importance and service and repair costs of different components, it is of practical significance to determine the priority of key and important components in use and maintenance to some extent. Hence, the cold standby repairable system with priority in use and maintenance [1] , as a classical model, is widely applied in the practical engineering.
Zhang [2] studied the cold standby system subject to incomplete maintenance and with priority in use. Using the complete maintenance model and geometric process maintenance model, Leung [3] explored the conditions with priority in maintenance. Cao and Cheng [4] studied two-component repairable system with priority in use and maintenance and its life and maintenance time subject to exponential distribution, and obtained a number of reliability indicators. Osaki et al. [5] employed the Markov renewal theory to study a reliability model for the cold standby system with priority in use and maintenance, which had the service time and maintenance time of components with priority subject to general distribution, but the service time and maintenance time of the components without priority subject to exponential distribution.
In the past studies on reliability, it is often assumed that the service time and maintenance time of each component in a system are subject to exponential distribution, normal distribution and other typical distributions. However, many cold standby systems contain different types of component in the practical engineering, and the lives of these components follow different laws, so the corresponding maintenance activities are different. If exponential distribution, normal distribution and other typical distributions are utilized to describe the parameters of system in the reliability modelling, it will be more difficult to analyze the model.
To enhance the applicability of model, and retain the feature that exponential distribution is easy to calculate, Netus [6] put forth the PH distribution and applied it in the reliability modeling in 1975. As PH distribution can satisfactorily fit the experimental data and complicated distribution of reliability engineering, has very good analytic feature, and widen the application range of model, it has been widely applied in the reliability field. Faddy [7] utilized PH distribution to represent the service time of components, and obtained the reliability law of singlecomponent system through renewal process.
Based on the above studies, this paper introduces the PH distribution to describe the life distribution and maintenance time of components, so as to address such problems as too strict assumptions for the reliability model of the cold standby system with two different components and priority in use and maintenance, as well as poor applicability of the model. A more applicable reliability model is built to obtain the analytic expressions for a number of reliability indicators including system transient-state availability, reliability, and failure frequency, steady-state availability and failure frequency, as well as mean up time, mean down time and mean cycle time of system. 
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be the phase at which maintenance is performed, so
The state space of system is represented by 
The blocks of matrix Q are presented as follows:
System Steady-state Probability Vector
When the system enters the steady state, the probabilities of states in the infinitesimal generator form a steady-state probability vector 
System Reliability Indicators
System Reliability Function
System reliability function is the probability of normal operation of the system before the time t . For the model in this paper, system reliability refers to the probability that the system is in the state space 
In which, 
Mean Time between Failures of System
Mean time between failures (MTBF) of system refers to the time taken for the system to exit and reenter the failure state. 
System Steady-state Availability
System steady-state availability means the probability that the system is in the state space 
System Steady-state Failure Frequency
System steady-state failure frequency refers to the times that the system enters the failure state within a unit time. To this model, the system can only enter the failure state 
Example Analysis
In the engineering application, a cold standby system with priority may contain different types of component, and the life distribution of these components may belong to different types of distribution. When a repairman maintains the system, the maintenance time of different components may be subject to different types of distribution as well. In this case, Markov process, Markov renewal process and other methods are not applicable. To prove the correctness of this model and demonstrate the applicability and good analytic performance of the model, two examples are presented as follows: it is first assumed that the lives and maintenance time of components are subject to exponential distribution, and the calculation results are compared with those in Reference [4] . After that, calculation is carried out for the conditions that life and maintenance time are subject to different types of distribution, so as to verify the applicability of the model.
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Verification of Correctness
It is assumed that a cold standby system consists of two different components. 
The state transition equations of the system are as follows: 
When t → , i.e. the system is in steady state, the steady-state probability equations can be obtained as follows: 
Equation (16) is submitted into Equations (2) to obtain the same result as Equation (18), so the model proposed in this paper certainly obtains the same reliability indicators as those in Reference [4] . The common results obtained using two methods are as follows:
Steady-state availability A 0 9086 = .
; mean time between failures of system 8.5 MTBF = ; system steady- 
Verification of Model Applicability
It is assumed that a cold standby system consists of two different components and one unit of maintenance equipment. Among them, electronic component 1 has the priority in use and maintenance, and its life distribution is subject to the exponential distribution whose parameter is 0.05. It can be expressed as PH distribution:
( ) The relationship between system reliability ( ) Rt and time t is as presented in Fig. 2: 
Figure. 2 Example 2 reliability and time relationship
Through the analysis on the results in this example, it is explained that this model can be adjusted to the inputs for different types of distribution, so it has very strong analytic ability. Hence, the application of model is greatly improved.
Conclusion
This paper mainly studies the cold standby system that consists of two different components and one unit of maintenance equipment, and has important components with priority in use and maintenance. Utilizing the density and good analytic ability of PH distribution, a more applicable reliability model is built to obtain a number of reliability indicators. Examples are presented to verify the correctness and applicability of the model, which has good value of application in the practical engineering.
